It is well known that one of the important aspects of achieving sustainable development is to preserve macroeconomic stability, which is closely related to the extent of capital mobility. Given the importance of the subject for open economies, this paper examines the degree of capital mobility for African countries by using among other methodologies the Feldstein-Horioka coefficients. To determine those coefficients, we use time series data and methods, along with the Dynamic Heterogeneous panel approach. We find significant cross-country heterogeneity in the dynamic of income per capita, investment rate, and saving rate; and conclude that it is invalid to pool data across our sample countries. Furthemore, the empirical findings reveal that for African countries included in the sample, the estimated saving retention coefficients are at the same time, small and high indicating respectively higher and lower degrees of capital mobility and therefore, challenging the results of Feldstein -Horioka on developing countries.
Introduction
To achieve sustainable development, it is quite important to sustain macroeconomic stability, which is closely related to the extent of capital mobility allowed by an economy. For this reason, measuring the level of capital mobility is an important task to achieve. While higher capital mobility was encountered as one of the reasons behind the recent worldwide financial crisis, the subject is also important for policy and firms for a number of reasons; (i) the effectiveness of macroeconomic policies is closely related to the degree of international capital mobility; (ii) higher international capital mobility helps firms to allocate resources efficiently and achieve risk diversification; (iii) higher international capital mobility may also increase volatility which may end up with financial crisis. For example, the global financial crisis began in the USA and spread to Europe and then to the whole world. Therefore, we realize that devastating effect of global financial crisis is more important in developed countries than developing countries.
In the economics literature, the presence of capital mobility is tested alternatively by using the saving-investment correlation, interest parity condition, and finally the consumption -smoothing approach to the current account. In this regard, one of the famous international macroeconomic hypotheses that is concerned with the presence or absence of mobility of capital is the Feldstein-Horioka Hypothesis (1980) , which states that in the absence of capital mobility, domestic saving and investment are highly correlated since investment is financed by domestic saving. On the other hand, provided that saving depends on the inter-temporal consumption decision and capital is highly mobile in an open economy, domestic savings will be globally very responsive to higher real rate of return and thus the country can finance its investment by foreign savings. Contrary to the maintained assumption that in the developed countries, which are generally open-economies and where capital is highly mobile, Feldstein-Horioka (1980) presented econometric evidence showing that in a cross-section consisting of 16 OECD countries for the period 1960-1974, saving and investment are highly correlated indicating that capital is not mobile. Hence this finding is known as the Feldstein-Horioka (F-H) Puzzle. The present paper attempts to employ time series data and methods, along with the Dynamic Heterogeneous panel approach, to empirically assess the validity of the F-H puzzle using a panel of 22 African countries. In compliance with the interpretation ISSN 1833-3850 E-ISSN 1833-8119 30 made by F-H, small coefficients will be seen as high capital mobility.
The remaining of this paper is organized as followed: in section 2 we set up the literature review on international capital mobility; in section 3 we provide the sources of Data; in section 4 we give evidence of heterogeneity; in section 5 we outline the estimation methods; in section 6 we spread out the results and conclude in section 7.
Literature Review
The prevalence of capital mobility among countries has many interesting economic implications for optimization of savings, efficacy of fiscal and monetary policy actions and the speed of convergence of countries to the steady-state economic growth. Given the importance of the subject for open economies, a number of different empirical methodologies (saving-investment correlation, interest parity condition, and the consumption -smoothing approach to the current account) were developed aiming to measure the extent of capital mobility. The F-H model has found widespread use in the empirical literature because the model is simple as well as providing an intuitive explanation for the level of capital mobility.
Using data over 1960-74, F-H (1980) found that the savings-retention coefficient is very close to one for 16 OECD countries, implying low capital mobility. Since then, an enormous literature has accumulated to test the F-H puzzle and explain the puzzle. In general, the empirical literature on the subject provides mixed results for both developed and developing countries.
A survey of the literature in this area reveals that there have been many empirical attempts to test the F-H Puzzle (hereafter, FH-puzzle) for OECD countries; , Coakley, et al. (2004) , Hoffman (2004) , Sinha (2004) , Ho (2003) , Banerjee and Zanghieri (2003) , Obstfeld and Rogoff (2000) , Coakley, et al. (1998) and Jansen (1996 Jansen ( , 1998 ) and a recent study on the Asian economies by Kim et al. (2005) . Ozmen (2005) , Bahami-Oskooee and Chakrabarati(2005) , and Sinha and Sihna (2004) find that the correlation between saving and investment is high in larger economies.
Some studies test the puzzle for developing countries and found out that the saving retention coefficient is small, indicating that the level of capital mobility is high in these countries (Payne and Kumazawa, 2006; Apergis and Tsoumas, 2009; Coakley et.al., 1999) . On the contrary, other studies provide evidence that capital mobility is low in developing countries (Murthy, 2008; Ghosh and Ostry, 1995) . While Wong (1990) argues that the high capital mobility observed in developing countries can be attributed to the size of the non-traded sector, Kasuga (2004) argues that small-sized and inefficient financial mechanisms in developing countries lead to high capital mobility. Bangake and Eggoh (2010) mention the importance of the legal protection system provide for investors in relation to capital mobility. They tested the F-H puzzle for 37 African countries using the panel cointegration technique and found that savings and investment are a non-stationary and cointegrating series. Their estimation results indicate that capital mobility is higher (0.34) in countries with strong legal protection of investors than in countries with worse protection (0.85). Overall, the test of the F-H puzzle for the developing countries, including Middle East countries, shows high capital mobility because the magnitude of foreign aid and the extent of the non-traded sector are high in these countries and they have weak financial markets and are relatively open economies (Apergis and Tsoumas, 2009 ).
In table 1 where descriptive statistics of data are plotted, Botswana is the fastest growing economy (4.9% growth of real capita income per annum) and Cote d'Ivoire the slowest (-1,6%). Comparing performances between the first 5 years and the last 5 years for each country, Uganda has the highest growth rate of savings while Mozambique the lowest. The saving rate of Uganda grows about 233% and that one of Mozambique falls off about 282%. At the same period, the investment rate of Uganda has grown about 209% and the investment rate of Mozambique about 72%. These performances are far away bigger than the whole sample performances which are about 13.2% for saving rate and 18.2% for investment rate. 
Gross Savings as share of 
where X represents (S/Y) and (I/Y).
Generally, countries which have positive rate of saving have also positive rate of investment. But this is not a rule since Benin has negative rate of saving and at the same time positive rate of investment. Similarly, Botswana and Cameroon which have positive rate of savings hold negative rate of investment.
Heterogeneity
Our sample is composed of low and middle income countries. From table 1 were data statistics are plotted, countries represent different stage of development, different investments, and different savings policy. As there is concern of growth, saving, and investment about the panel and cross-section tests, it is necessary to previously test whether it is valid to pool data set of these economies. Formal tests of the dynamic heterogeneity of the investment rate and saving rate are conducted as followed:
We use two aspects of residual tests: Breusch-Godfrey Serial Correlation LM Tests and Heteroskedasticity Tests. From the both aspects, as plotted in table 2, all of the F-Statistics are bigger than the F-statistics read from Fisher and Snedecor table and (n*R-squared) is higher in all specifications than the relative Chi-squared read from the table. From these results, the tests reject the null hypothesis under all specifications. Specifically, the LM test confirms that error variances across sample countries are significantly different and this also holds across all specifications. It follows that the elasticity of
is heterogeneous across countries. Also, the error dynamics across sample countries are significantly heterogeneous. Consequently the data set cannot be pooled. DOF: Degree of freedom; obs = number of observations; B-P-G: Breusch-Pagan-Godfrey
Model Specification and Econometric Methodology

Specification
In order to ascertain the presence of a long-run equilibrium relationship between the investment rate (I/Y) and the saving rate (S/Y); the model suggested and empirically estimated by Feldstein and Horioka (1980) is as followed:
(1) i = 1, …. N and t = 1, …, T. I , S , and Y represent respectively, domestic investment, domestic saving, and gross domestic product. The coefficients i  and i  denote respectively constant term and saving retention coefficients. In equation (1), the dependent variable (domestic investment) and the independent variable (domestic saving) are given as shares of the gross domestic product. Using data over 1960-74, Feldstein and Horioka (1980) found that the saving retention coefficient is very close to one for 16 OECD countries, implying low capital mobility. For the purpose of this paper, we are more interested in the significance of the coefficient  , rather than its sign.
It is common that cross-section studies use several other factors influencing the investment rate for instance, political stability, efficiency of financial mechanisms, the importance of the legal right system provided for investors, human capital, indicators of corruption, taxes etc. We recall that the specification (1) compares favorably with the model suggested by F-H.
Econometric Methodology
Under the Johansen (1988) maximum likelihood (ML) approach, a k-dimensional and p th order vector   X can be re-parameterized to a vector error correction model (VECM):
In our analysis,
is a 2x1 vector of first-order integrated
is a matrix of long run (level) parameters; t D captures the usual deterministic components;  is a constant term and t  is a vector of Gaussian error. A co-integrated system, t X , implies that: and Trace statistics (Johansen, 1988) .
The Johansen method is a reduced-form dynamic system estimator, which addresses the issues of multi co-integration and normalization. A number of issues are important for the estimation of the VAR model. It is the time span of data rather than the number of observations, which determines the power of co-integration tests (Campbell and Pearson, 1991) . Our data extend from a minimum of 28 (Gabon) to a maximum of 40 (South Africa) years, which we suppose, can provide sufficient time length to capture the long-run relationship between (I/Y) and (S/Y)(Note 1) We specify the VAR lengths (p) such that the VAR residuals are rendered non-autocorrelated(Note 2) A constant term is entered in the co-integrating space to allow for non-zero mean of the system variables. A trivariate VAR can exhibit two co-integrating vectors at the most. Pesaran and Shin (2002) suggest identification of multi-cointegration through the tests of over identifying restrictions. We follow their approach of identification if multiple co-integrating vectors are found.
Results
In order to evaluate the time series properties of the data formally, we implement the Phillips-Perron stationary test statistic, which tests the null of stationary. The results are reported in table 3. (I/Y) and (S/Y) are non-stationary, tests reject the null of stationary in all cases at levels. The both series appear unequivocally stationary in their first differences, so the finding of the Phillips-Perron test statistic is that (I/Y) and (S/Y) are I(1).
Note that evidence in favor of a stationary current account or cointegration of saving and investment can be interpreted in two diametrically opposing manners. On one hand it can be interpreted as confirmation of the FH result; on the other it can be interpreted as evidence of open capital markets imposing a solvency constraint on countries. The empirical evidence on the stationarity of the current account employing conventional cointegration techniques is mixed (Miller, 1988; Gulley, 1992; Gundlach and Sinn, 1992; Argimo´n and Rolda´n, 1994; Ghosh, 1995) . Some recent approaches have employed panel unit root tests to test for the stationarity of the current account (Coakley et al., 1996a,b; Krol, 1996; Coakley and Kulasi, 1997) . The panel tests of Im et al. (1995) have higher power than individual, pair wise tests and the general conclusion is that the current account is a stationary series in both in developing and OECD countries. Table 4 reports the Johansen rank tests and a range of VAR diagnostics obtained from the Error Correction Model (ECM). Trace tests show that (I/Y) and (S/Y) are co-integrated and exhibit a single rank (vector) for all sample countries. This is also supported by the maximal Eigen value statistics. So, given the superiority of trace statistics over the maximal Eigen value statistics in testing the null of no co-integration, we conclude that (I/Y) and (S/Y) are co-integrated with single co-integrating vector for all of our sample countries. For a valid normalization and error-correction representation, the associated loading factors must be negatively signed and significant. On this basis all of the countries can be normalized on (I/Y). The whole sample countries have their loading factors negatively signed; among them, 20 are significantly negative at 10% or better. Given the signs of loading factors and the existence of a single co-integrating vector, the parameters of our empirical model are then uniquely identified. LM tests show the absence of serial correlation in VAR residuals in all cases. The VAR residuals also pass normality tests for all cases. Thus, utilizing the ECM, we identify a long run investment rate relationship based on the saving rate. Table 5 reports the normalized co-integrating coefficients (long run coefficients). The elasticity of (I/Y) with respect to (S/Y) is positive and significant for countries such as Botswana, Congo, Kenya, Mali, Mozambique, and Seychelles; and negative and significant for the remaining countries. The panel elasticity in absolute value (0.542) being too small relative to the most country specific coefficients, exhibits heterogeneity. It is important to note that the positively signed large coefficients (0.922, 0.738, and 0.708) of respectively Seychelles, Kenya, and Mozambique; contribute to reduce the size but not sufficient to turn the overall coefficient of the panel into positive (-0.542). The entire existing panels tests suffer from this typical caveatresults of some countries dominate the whole panel -and one of the contributions of our results is that they bring this issue to focus(Note 3). This further lends support to our preference to country-by-country (time series-based) results.
If we refer to the interpretation of the results of F-H, we have two distinct results as regards the developing countries. Indeed, taking into account country by country time series parameters,  is higher for some countries and lower for other countries indicating respectively low and high mobility of capital. These results violate findings of F-H, which states that developing countries have a high mobility of capital that is to say low saving ratio. This violation holds on even if we refer to panel data results. The panel estimated saving retention coefficient (-0.542) is relatively small (approximately a half of one) indicating a moderate degree of capital mobility and therefore for these countries, the Feldstein-Horioka puzzle does not hold valid. This suggests different groups of financial integration within African countries included in the sample.
Conclusion
This paper extends the literature on capital mobility. By pooling data, the estimated saving-retention coefficient is relatively small indicating that a moderate degree of capital mobility prevails and therefore for these countries, the Feldstein-Horioka puzzle does not hold valid. Because of the heterogeneity, when we use time series data and methods, along with the Dynamic Heterogeneous panel approach, the empirical findings reveal both lower and higher degrees of capital mobility for these countries. Again, the Feldstein-Horioka puzzle does not hold valid since it provides mixed results for the sample countries.
The economic and financial integration of these countries can be effective only if these countries decide to harmonize effectively their economic and financial policy. To reach integration ambition, they have to: -make economic reforms and structural adjustments, -fight against inflation by setting up flexible exchange rate system, -set up very effective capital control policies for fiscal and monetary policies. Raise such a challenge will enable those countries to: reduce the size of the non-traded sector, settle efficient financial mechanisms, provide better legal protection system for investors, reduce the magnitude of foreign aid, strengthen financial markets, and open without any restriction their economies. The success of maintaining better economic policies and therefore the exhibition of capital immobility depend above all on the discipline of policy makers and politicians of Africans countries.
